I. PERIOD COVERED BY THIS REPORT:
This report covers the period from May 1, 1970 Because Minnesota had a high mortality attributed to human leukemia and studies on the influence of environmental factors were in progress, it was prudent to initiate studies on the occurrence and distribution of leukemia in cattle and to study the relationship of environmental or familial factors to its occurrence in the state of Minnesota. This was the only comprehensive study of this type being conducted in the United States.
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In the United States, extensive studies since 1960 on bovine 6 ,7 8 9 leukemia have been reported from Minnesota, California, Michigan,
10
and Pennsylvania with additional reports from other laboratories 11,12 appearing in more recent years.
The occurrence of bovine lymphocytic leukemia was first described by Leisering in 1871. Since that time many reports of its occurrence including comprehensive studies of the disease have been reported from 1,2 1,2 several countries (see reviews by Bendixen) .
In Denmark and Germany bovine leukemia is recognized as a major disease problem and 4 eradication and/or control measures have been initiated. In Germany 5 and Sweden the incidence of tumor cases has been reported as approximately 1 per cent of slaughtered cattle with higher incidences common at abattoirs in high incidence areas.
The world-wide reports of bovine leukemia provide epidemiologic evidence,to indicate that bovine leukemia was a transmissible disease. The pattern of geographic distribution of bovine leukemia in that horizontal transmission is the major factor in the natural spread of this disease in several countries, while vertical transmission either transplacental or through the mother's milk may be contributory.
Early German workers were the first to observe that a lymphocytosis in apparently normal cattle was a feature of high incidence to bovine leukemia appears to be better associated with disease based upon the preliminary studies conducted by the Minnesota and Wisconsin research groups than does the syncytial virus.
These studies show that C-type virus particles can consistently be demonstrated from leukemic and lymphocytotic animals and not from non-lymphocytotic or apparently normal animals.
The relationship of bovine syncytial virus and C-type particles in PHA-stimulated lymphocyte cultures remains to be determined. It seems unlikely that they are identical based upon morphological characteristics.
I. A number of terms need definition in the general introduction as they will be used in various sections of this report. The above were the initial objectives of the research project.
Essentially there was no major deviation from these objectives during the first five years of study. We did, however, change our procedures somewhat and broaden our efforts in certain areas. These changes of procedure include the use of the electron microscope in the pathologic studies and the initiation of hematologic studies in selected cattle populations to better define the role of a lymphocytosis in bovine leukemia. e. To use immunologic procedures described under virologic and serology studies to investigate immunologic differences among cattle in high incidence herds.
f. To provide a well defined source of animals for transmission studies. We believe that the two leukemic cows negative for C-type particles represent false negatives dueto imperfections in the culturing technique'
early in the studies.
In the course of the last contract year three animals previously reported as lymphocytotic and positive for C-type particles became leukemic. In each case they remained positive for C-type particles.
These three well studied animals represent the first experimental evidence in support of our hypothesis that C-type particles together 20 with a persistent lymphocytosis represents a prodromal stage of leukemia.
Our present working hypothesis is that an increase in the percentage of lymphocytes showing nuclear pockets followed by the isolation of Ctype particles from mitogen stimulated lymphocyte cultures is the earliest reliable indication of bovine leukemia. We believe that this combination of events preceeds the development of the persistent lymphocytosis. In our transmission studies we expect to experimentally elucidate the sequence and timing of events leading up to bovine leukemia.
B. Virus Purification and Concentration Studies
Virus concentration procedures have been carried out to purify and concentrate the C-type particles for studies on their morphology physical characteristics, serological properties, and principally to provide source material for cell free transmission studies. As described in the 1969-1970 progress report, considerable effort was expended in trying to separate C-type particles from the closely associated cellular material. As a result of this study, the following procedure has been adopted in preparing cultured lymphocytes for zonal centrifugation. Immunodiffusion tests were performed as described (2) In immunofluorescence studies, gamma globulin from sera precipitated by 50% saturated ammonium sulfate was conjugated with fluorescein isothiooyanate. The unconjugated fluorescein was removed by passing the conjugate through sephadex G 25 column (3, 4) . The conjugates were absorbed with bovine liver powder before use. Smears of cell pellet suspensions from the lymphocyte cultures prepared on coverslips were stained with the conjugates.
Cytotoxic tests were performed according to the procedure described (5)
Results

Cell Culture Studies
Attempts to adapt C-type virus to bovine cell lines were largely unsuccessful,cytological changes were not observed in inoculated bovine fetal embryo, lymph node, lung, kidney, and thymus cell lines. On EM examination virus particles were not observed in these cell cultures.
Limited success was observed in bovine fetal spleen and endocardial cell lines inoculated with viable lymphocytes containing C-type virus particles.
Many attempts to infect these two cell lines were made. In a few cases Similar studies with these two cell lines .using frozen and thawed lymphocyte culture suspension were also unsuccessful.
Serological Studies
Theobjective of the serological studies was to attempt to demonstrate hemograms from herds with a history of leukemia also showed a mild to marked increased in the incidence of nuclear pockets.
It thus appeared that an increased incidence of nuclear pockets may occur before the event of persistent lymphocytosis.
Previous work in a parallel study at Minnesota had shown that lymphocytes of leukemic and persistently lymphocytic cows 27 ,· would produce C-type leukemia virus particles in 72 hours PHA stimulated cell cultures. This finding and results of our other studies suggested the hypothesis that nuclear pockets may signify the presence of leukemia virus infected cells.
We were interested in knowing the minimal level of lymphocytic nuclear pockets at which it would be possible to propagate C-type particles from cultured lymphooytes in any given animal.
Information on this point is important to obtain because of a possible use of an increased occurrence of lymphocytic nuclear pockets as a diagnostic test for bovine lymphocytic leukemia.
To obtain information on this point, a herd of 59 Holstein bulls was selected, which had a history of one reeent case of Eight bulls showed lymphocytic nuclear pocket counts in the 1% and above category (1.0-4.3%; see Table 1 ). In a few instances monocytes were observed to contain nuclear pockets; these values were excluded from the counts on the basis that definitive monocytes were also excluded from the counts.
In the lymphoeyte culture studies it was found that all animals with incidences of lymphocytic nuclear pockets above 1%
(1.0-4.3%) consistently had lymphocyte associated C-type particles (Table 1) while those with less than 1% (0.0-0.4%) were essentially negative in this respect. Only one C-type virus particle was observed in association with one cultured lymphocyte in the blood of one of the 8 animals studied.
The results of this study when combined with previous results indicate that the occurrence of increased incidence of lymphocyte nuclear pockets coincides with that of lymphocytosis, and most likely precedes it. It also indicates that the ability of cultured lymphocytes to produce C-type leukemia virus particles is related to the presence of nuclear pockets in these cells.
These results lend support to the proposition that the occurrenee of an increased incidence of nuclear pockets may be efficacious as a diagnostic test for incipient bovine lymphocytic leukemia. The differences in agranulocytic cell numbers between normal and lymphocytotic cows were as follows:
1. The proportion and .absolute number of inactive lymphocytes was higher in lymphocytotic cows as compared to the normal.
2. The number of active lymphocytes, while higher in absolute number, were present in equal proportion in both groups of animals.
3. The proportion and absolute number of monocytes were decreased in lymphooytotic cows as compared to normal animals.
4. An increase in the absolute number of monocytes per emm of normal bovine blood was observed when the computation was done with the differential count results obtained with the electron microscope as opposed to the light microscope.
Significant differences between the inactive lymphocytes of normal and lymphocytotic cows were found to involve the following ultrastructural features:
1. The nuclei of the inactive lymphocytes of lymphocytotic cows were less pachychromatic than those of normal animals.
2. Nueleolar profiles were visible in a greater proportion of the inactive lpt,phocytes from lymphocytotic animals tha n from normal eows. The number of inactive lymphocytes containing long, flat sacs of granular reticulum were increased in the lymphocytotic cows compared to the normal animals.
3. The number of cytoplasmic, or azurophil granules, were reduced in the inactive lymphocytes from lymphocytotic animals.
Mitochondrial profiles were present in increased numbers
in the inactive lymphocytes from lymphocytotic animals.
5. The artifact characterized as membrane separations were found only in inactive lymphocytes of lymphocytotic cattle.
6. Cell to cell contacts occurred with increased frequency between lymphocytes in the lymphocytoti c animals compared to the normal cows.
The observed differences of the active lymphocytes between The following report on these studies will include dosage considerations and progress.
Dosage for Inoculated Calves
In our cell free transmission studies it is highly desirable to meet the following dosage criteria.
a. The dose should be large enough to produce leukemia in 100% of the calves inoculated.
b. The dose should be large enough to produce leukemia with a reasonably short latent period, yet be small enough to make it feasible to inoculate at least ten newborn calves.
c. The dose should be defined to the exte,1 t that it can be reproduced in this laboratory and others.
Obtaining 100% Incidence
In meeting criteria a and b we have relied heavily on work performed by others studying feline and murine leukemia. Experiment 3, 
Progress in Terms of Material for Calf Inoculation
At the present time we have enough viral producing lymphocytes cultured and'processed by zonal centrifugation to inoculate two additional calves. We also have cultured, but not processed,,enough material for the inoculation of five additional calves. Three calves have already been inoculated, thus with the material now on hand we can reach our ten calf goal.
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Newborn Calf Inoculations
The newborn calves for these studies are obtained from defined control herds which are discussed later in this report. Additionally, lymphocyte cultures from the dams of these calves have been negative for C-type virus particles.
During the past year three ·newborn calves have been inoculated at the above stated dosages. Two additional calves will be inocu- 
Intrafetal Inoculation Studies
The cows used in the intrafetal inoculation studies are also obtained from the defined control herds. These cows were additionally demonstrated to be negative for'C-type virus particles on examination of several lymphocyte cultures. These cows are artificially bred to bulls which also were negative for C-type virus particles on examination of lymphocyte cultures.
Presently, four of the above defined cows are bred or are being bred at the college in preparation for intrafetal inoculations.
These inoculations will be made when the fetuses are 60 to 70 days old. Additional pregnant cows will be available from the source herds and their fetuses inocula ted as fetal viral doses are prepared. The general description, criteria for selection and monitoring procedures for high incidence leukemia herds have been reported in previous progress reports and will not be discussed here.
The multiple case herd study presently consists of the study of six herds. These herds have been studied for periods up to 9
years. Unfortunately several herds studied in previous years are no longer available for study due to herd dispersals. The present herds have had at least 2 confirmed cases of bovine leukemia.
As in previous years additional "new cases" of leukemia have continued to occur in study herds this past year. Two "new cases" Hematological data accumulated during the past year on adult cattle in the study herds is comparable to that reported in previous years. High incidences of persistent lymphocytosis continues to be a characteristic of this type of herd.
Control Herds
Control herds by our definition are herds of cattle which have had no cases cf leukemia, do not contain cows with lymphocytosis under more intensive study and will serve as source herds for experimental animals on future transmission studies. Additionally, during the past year cattle from these herds have been used as I controls for virus isolation studies.
